INTRODUCTION
T HIS PAPERis second in a series describing the aulacopleurid trilobites of the Whittaker Formation and Delorme Group of the central Mackenzie Mountains, Northwest Territories, Canada. Species from these units belonging to the genus Olarion were described by Adrain and Chatterton (1994) . A review of prior study and a general introduction were also given in that work. Locality and stratigraphic data follow Perry (1983, 1984) and Over and Chatterton (1987) . SYSTEMATIC PALEONTOLOGY Order PROETIDA Fortey and Owens, 1975 Superfamily AULACOPLEUROIDEA Angelin, 1854 Family AULACOPLEURIDAE Angelin, 1854 Subfamily AULACOPLEURINAE Angelin, 1854
Genera included.-Aulacopleura
Hawle and Corda, 1847; Songkania Chang, 1974 .
Diagnosis. -Frontal and genal areas expanded, with very low, subdued tubercles or lacking tubercles, and with prominent caecal pitting; median g1abellar lobe weakly inflated; eye ridge usually prominent in holaspides; paired g1abellar spines absent in early ontogeny; single row of very low tubercles developed on dorsal aspect of anterior border in early ontogeny; eye socle subdued, sometimes with anterior lobe weakly inflated; hypostome elongate, with posterior spines greatly reduced or absent; * Present address: Department of Earth Sciences, University of West em Ontario, London, Ontario, N6A 5B7, Canada. transitory pygidia broad, flattened, and lacking prominent fulcral and distal pleural spines; pygidial doublure very narrow and of similar length medially and laterally.
Discussion. -Aulacopleura Hawle and Corda, 1847, and Olarion Zenker, 1833, have been variously regarded as separate at either the familial (Richter et al. in Harrington et al., 1959) or subfamilial (Piibyl, 1947; Prantl and Piibyl, 1951; Bergström, 1973; Fortey and Owens, 1975; Piibyl and Vanek, 1981) level. The basis for such a distinction has never been made particularly explicit. Thomas and Owens (1978) approached a separate extreme by regarding the taxa as congeneric, a practice that has since been followed by most other workers. Adrain and Chatterton (1994) demonstrated that the similarity ofthe type species of Olarion, 0. diffractum Zenker, 1833 , to the type of Aulacopleura, A. koninckii Barrande, 1846a , is a matter of convergence, and gave reasons for classifying Olarion with several other genera in a monophyletic subfamily Otarioninae Richter and Richter, 1926 , for which a diagnosis was provided. There are obvious differences between holaspides of Aulacopleura and members of the Otarioninae (broad genae, subdued sculpture, elongate hypostomes with small or absent posterior spines, number of thoracic segments, etc.), but Ludvigsen and Tripp (1990) followed Thomas and Owens (1978) in treating the taxon as a subgenus of Olarion, along with the subgenus Songkania Chang, 1974. Songkania is even more superficially similar to O. diffractum than is Aulacopleura, but detailed analysis of its morphology, together with new information on its ontogeny, supports a relationship with Aulacopleura, not Olarion. What is now known of the genera Aulacopleura and Songkania indicates that they fall outside the cladistic structure of the subfamily Otarioninae. The options are to abandon a subfamilial scheme, hence omitting relevant knowledge of phylogeny from the classification, or else to recognize a subfamily Aulacopleurinae, with limited diversity but with robust apomorphies, especially in early ontogeny. The latter course is followed here.
The early ontogeny of members of the Aulacopleurinae is incompletely known, and growth stages of Songkania smithi n. sp. (see below) represent the only relatively complete developmental sequence yet described. Nevertheless, what information there is contrasts sharply with the ontogeny of otarionines. Members of the latter subfamily have convex protaspides with relatively thick cuticles. Almost all have three pairs of prominent g1abellar tubercles, four pairs of fixigenal spines, and one or two pairs of cephalic border spines (see Adrain and Chatterton, 1994, fig. 1 ). Whereas both Aulacopleura (e.g., Figure 1 .10) and Songkania (e.g., Ludvigsen and Tripp, 1990, PI. 8, fig. 1 ) have fixigenal spines, g1abellar spines are absent and cephalic border spines can be observed only as very small tubercles in the early ontogeny of S. smithi (Figure 7.6, 7.7, 7.21) . In addition, the last protaspid stage of S. smilhi (Figure 7.4, 7.11, 7.12, 7.19) has low convexity and a very thin cuticle. All known otarionine transitory pygidia (most unpublished, but see Chatterton, 1971, for Cyphaspis, and Adrain and Chatterton, 1994, for Olarion) are wide relative to their length, relatively convex, and have prominent fulcral and distal pleural spines on each segment. Those of S. smilhi (Figure 7.8, 7.10, 7.15, 7.18, 7.22) are more subquadrate or subrectangular, much lower, and lack spines except for the protothoracic axial spine and possibly very faint tubercles on the fulcrums.
Genus AULACOPLEURA Hawle and Corda, 1847 Type species. -Arelhusa koninckii Barrande, 1846a, Wenlock, Liteil Formation, Bohemia, Czech Republic; by monotypy.
Olher species. -Aulacopleura andersoni n. sp., Llandovery, northwestern Canada; Aulacopleura bohemica Piibyl, 1947, Pragian, Czech Republic; A ulacopleura hercynica Kegel, 1927 , Upper Silurian, Germany; Aulacopleura (Paraaulacopleura) ignorala Alberti, 1969, Eifelian, Morocco; Arelhusina inexpeclala Barrande, 1872, Lochkovian, Czech Republic; Aulacopleura krizi Snajdr, 1975, upper Llandovery, Czech Republic; Coronocephalus? longecornulus Roemer, 1850, Eifelian, Germany; Arelhusa nilida Barrande, 1846b, Wenlock, Czech Republic; Aulacopleura? ranfordi n. sp., lower Llandovery, northwestern Canada; Aulacopleura (Paraaulacopleura) reedi Piibyl, 1947, Caradoc, Scotland; Aulacopleura (Paraaulacopleura) roquemaillerensis Chaubet, 1937, Wenlock, France; Arelhusina sandbergi Barrande, 1868, Upper Devonian, Germany; Aulacopleura soror Piibyl, Vanek, and Hörbinger, 1985, Wenlock, Czech Republic; Aulacopleura (Paraaulacopleura) szechuanica Lu, 1975, Tremadoc?, China (see discussion below) .
Diagnosis. -Cephalon with very subdued tuberculate sculpture; anterior border furrow deflected anteriorly medially; glabella subrectangular, with only slight to moderate forward taper; median g1abellar lobe lacking tubercles; occipital ring and thoracic axial rings lacking transverse rows of tubercles; long genal spine lacking tubercles or furrows; thorax of 18-22 segments, lacking axial spine; pygidium with 5-9 axial rings.
Discussion. -Aulacopleura can be distinguished from Songkania in its lower overall convexity, "notched" anterior border furrow, lack of g1abellar tubercles or occipital ring tubercles except for median node, inflation of the anterior lobe of the eye socle, and greater number of thoracic segments. Thomas and Owens (1978) considered Aulacopleura to range from the Lower Ordovician (Tremadoc) to the Middle Devo-327 nian, but did not attempt a comprehensive listing of species. When Thomas (1978) provided such a list, he included only three Ordovician species. One of these, A.? reedi, is most similar to A.? ranfordi n. sp. Neither of these species is very similar to the type species, and their generic placement is questionable (see discussion below). The others are two Chinese species described by Lu (1975) . Aulacopleura (Paraaulacopleura) dawanensis Lu, 1975 , is from the Arenig of China. It shares none of the apomorphies of Aulacopleura as understood herein, and should not be included in the genus. Whereas its affinities are difficult to assess based upon the available material, the closest resemblance is with the Upper Ordovician genus Madygenia Petrunina, 1975 , whose familial placement is uncertain (but see Owens' (in Owens and Hammann, 1990 ) placement of the genus in the Aulacopleuridae). Features in common include the elongate, apparently convex glabella, seemingly narrow fixed cheeks, and small palpebral lobes.
Aulacopleura (Paraaulacopleura) szechuanica Lu, 1975 , reportedly from the Tremadoc of Szechuan, differs mainly in proportions of the cephalon from Silurian species closely comparable to the type, A. koninckii. With the reassignment and questionable placements discussed above and below, no other members of this species group are known from Ordovician rocks. A correct age assignment of A. szechuanica to the Tremadoc would therefore require its close similarity to Silurian species to be convergent, which seems unlikely, or else the survival of the Aulacopleura clade in virtual morphological stasis for the entirety of the Ordovician. If this were true, it would have profound implications for analysis of aulacopleuroidean phylogeny. The possibility must be considered, however, that the single known specimen of A. szechuanica may have been derived from younger, perhaps Silurian, rocks. Its provenance seems best regarded as questionable until further information can be gathered.
There appear to be two major species groups within Aulacopleura (in addition to A.? reedi and A.? ranfordi) . The first consists of Silurian species (and A. szechuanica) similar in general morphology to the type species. This group includes almost all of the adequately known species assigned to the genus, and, if monophyletic, constitutes Aulacopleura s.s. A second group includes species with reduced genal areas, a greater number of pygidial axial rings, and a pygidium that is as a consequence much longer relative to its width. This group includes the Wenlock A. roquemaillerensis(seeThomasandOwens.1978.PI. 7, fig. 9 ) and all of the Devonian species assigned to the genus (see for example Eifelian material of A. bohemica illustrated by Chlupac, 1983, PI. 3, fig. 3 ).
Aulacopleura roquemaillerensis was designated the type species of the subgenus Paraaulacopleura by Chaubet (1937) . As outlined by Thomas and Owens (1978, p. 68-69) , confusion over the nature of this taxon was created by the fact that in the Trealise (Richter et al. in Harrigton et al., 1959, p. 405, fig. 309 .6) an illustration was given of Paraaulacopleura beyrichi, not P. roquemaillerensis. The former species is poorly known (see Alberti, 1969, PI. 36, fig. 12 for an illustration of the lectotype). Thomas and Owens (1978) considered A. roquemaillerensis to so closely resemble A. koninckii that there were no grounds for a subgeneric distinction between them, and hence placed Paraaulacopleura in synonymy with Aulacopleura. The differences between the respective groups noted above, however, are quite real. Once the Devonian members of the roquemaillerensis group become better known, the possibility that it forms a monophyletic sister group to Aulacopleura s.s. can be assessed. If this is indicated, it may prove profitable to rehabilitate Paraaulacopleura.
AULACOPLEURA ANDERSONI n. sp. Figures 1,2 Diagnosis. -Aulacopleura with narrow cephalic axis; narrow interocular fixigena; pronounced median "notch" in anterior border furrow; and pygidium with five axial rings, with prominent pseudoarticulating half ring behind first.
Descriplion.-Cranidium long, narrow; cranidiallength (sag.) 200-220 percent width of occipital ring; preglabellar field long; glabella and occipital ring with length (sag.) 56-58 percent that of entire cranidium; anterior sections of facial suture strongly anteriorly divergent in front of palpebral lobe, reaching maximum divergence about two-thirds distance anteriorly on frontal area, then converging across anterior border; posterior sections of facial suture with very strong posterior divergence; anterior border smooth and unornamented, with only weak dorsal convexity in sagittal profile (strongest anteriorly); anterior border of similar length laterally and medially (although appearing shorter laterally due to course of facial suture), but with anteriorly directed sagittal indentation on posterior edge; anterior border furrow with broad, shallow, inverted "V" shape in plan view, with pronounced anterior flexure medially; frontal area with moderately to strongly developed caecal pitting, pits densely but evenly distributed; frontal area with less dense sculpture of small, low tubercles; glabella with trapezoidal outline and little dorsal inflation; axial furrows with slight to moderate anterior convergence; preglabellar furrow nearly transversely straight, with only slight anterior convexity; junction of preglabellar and axial furrow with small fossular pit; glabella smooth and lacking sculpture, except for occurrence in a few places of small scattered tubercles on LI; glabella widest across LI; maximum g1abellar width 94-105 percent of sagittal length (excluding occipital ring); axial furrow broad and usually shallow; LI teardrop-shaped, with slight lateral displacement of g1abellar outline; SI deepest anteriorly, shallowing near contact with SO; S2 short but usually prominent, posteromedially directed; L2 defined abaxially, but with little independent inflation; S3 visible ventrally as faint furrow near junction of preglabellar and axial furrows, partly obscured by fossula; fixigena narrow opposite midlength of palpebral lobe (approximately equal to width of palpebral lobe); bicomposite eye ridge visible dorsally, running nearly transversely from opposite S3 to anterior part of palpebral lobe; prominent transverse furrow developed immediately in front of eye ridge; eye ridge with single small tubercle set at midlength on adaxial part; fixigena with ornament of caecal pits similar to that of preglabellar field; several faint tubercles sometimes visible, spaced evenly in longitudinal row along fixigena behind eye ridge; palpebral lobe large, separated from fixigena by very faint palpebral furrow, and with shallow but relatively broad pit set at midlength (exsag.), nearly adjoining palpebral furrow; posterior border furrow long (exsag.) and moderately deep, lengthening abaxially; posterior border short adaxially, lengthening and deflected posteriorly abaxially, distal to fulcrum; SOshallower medially than posterior border furrow, deepest behind LI; occipital ring with length (sag.) 25 percent of width, and with broad but very faint median node set at sagittal midlength.
Rostral plate triangular; broad, length (sag.) 25 percent of maximum width; connective sutures meeting posteriorly, no posterior margin developed; anterior part of ventral surface flat, posterior part with pronounced posteroventral convexity.
Hypostome unknown. Librigena with breadth of field (external view) at midlength (exsag.) of eye 50 percent length; field broad, smooth, with sculpture of evenly distributed caecal pits; pits varying in size, from small to nearly obscure; eye socle offaint, narrow, inflated band around base of eye, with inflated anterior lobe protruding ventrally onto field; posterior and lateral borders of similar width, both with even dorsal convexity; borders lacking sculpture; posterior border furrow and anterior part of lateral border furrow similarly broad and shallow; posterior third of lateral border furrow very shallow; genal spine usually slightly shorter than remainder of librigena, slightly broader than lateral border at base, then tapering evenly to tip; posterior and lateral borders unite at genal angle and continue onto dorsal aspect of genal spine as very faint, laterally set, furrow; doublure slightly less convex than border, so as to form ventrally flattened tube; doublure broadest posteriorly, where it underlies union of posterior and lateral border furrows; doublure with sculpture of very fine, closely spaced, parallel terrace lines; terrace lines becoming obscure posteriorly, ventral aspect of genal spine with simple granular sculpture; doublural part of posterior section offacial suture running initially abaxially, then curving sharply adaxially.
Thorax unknown. Pygidium with length (sag., excluding articulating half ring) 33-35 percent maximum width; axis with length (excluding articulating half ring) subequal to maximum width across first ring, low dorsal convexity in transverse profile; four distinct axial rings, fifth sometimes distinct from small terminal piece; pseudoarticulating half ring prominent between first and second rings, very faintly developed between second and third, not discernible posteriorly; axial rings bowed anteriorly, longest exsagittally, shortening slightly medially; axial furrow deepest between axial rings, shallowing opposite axial rings, converging posteriorly with little or no decrease in depth to fully define axis; pleural furrows deepest anteriorly, shallowing but well defined on posterior segments; interpleural furrows deeper than pleural furrows, both running transversely straight, with posterior deflection just past fulcrum and before terminating at border; border narrow but fully, although weakly, defined; pleurae proximal to fulcrum nearly flat, pleurae distal to fulcrum with sharp ventral downturn; ventral margin running horizontally, with gentle dorsal inflection posteromedially; doublure very narrow, with faint sculpture of fine terrace lines set parallel with posterior margin.
Onlogeny. -Very little juvenile material of this species has -FIGURE I-Au/acop/eura andersoni n. sp., from the Whittaker Formation, Llandovery, central Mackenzie Mountains, Northwest Territories, Canada; exact horizons given in parentheses; figures are x 10, except where otherwise noted. 1-3, dorsal, anterior, and left lateral views of holotype cranidium and left Iibrigena, UA 9376, x 7.5 (AV I 346 ml; 4, ventral view of cranidium and rostral plate, UA 9377 (AV I 336 ml; 5, dorsal view of cranidium, UA 9378 (AV I 336 ml; 6, dorsal view of cranidium, UA 9379 (AV I 336 m); 7, oblique anterodorsal view of partial cranidium and left librigena, UA 9380 (AV I 336 ml; 8, dorsal view of cranidium, UA 9381 (AV I 336 ml; 9, dorsal view of cranidium, UA 9382 (AV I 346 ml; JO, dorsal view of cranidium, UA 9383 (AV I 336 ml; JJ. 12, 16, dorsal, anterior, and Figure 1.5) ; an increase in the relative size of the frontal area; the development of the anteriorly directed "notch" in the anterior border furrow; a decrease in the anterior convexity of the preglabellar furrow; an increase in the relative size of LI; an increase in the size of the palpebral lobes; and a decrease in the degree of dorsal convexity. No pronounced changes are observable in the available material of remaining sclerites.
Discussion. -Few species of Aulacopleura are well known, and most of these are preserved flattened in shales. Hence, detailed comparison of A. andersoni with other species is difficult, although obvious species differentia exist. Aulacopleura andersoni is most similar to A. krizi Snajdr, 1975 (see Snajdr, 1978 , and A. koninckii. It shares with A. krizi similarly narrow fixigenae, but differs in its more pronounced "notch" in the anterior border furrow and less rapidly forwardly tapering glabella (cf. Snajdr, 1978, PI. 12, fig. I ). Its interocular fixigenae are much narrower than those of A. koninckii. Aulacopleura szechuanica Lu, 1975 , is distinct in its much shorter preglabellar field. Aulacopleura roquemaillerensis Chaubet, 1937 , and all of the Devonian species assigned to the genus differ in their narrower glabellae and pygidia with a greater number of axial rings, together with a greater length relative to their width.
Elymology. -After Glenn Anderson. AULACOPLEURA? RANFORDI n. sp.
Figures 3, 4.1-4.14 Diagnosis. -Glabella elongate and subrectangular; anterior sections offacial suture strongly anteriorly divergent; interocular fixigena very narrow; eye set far forward; genal spine long and adaxially recurved; pygidium with five axial rings.
Descriplion. -Cranidium moderately convex; anterior sections offacial suture strongly divergent in front of eye, reaching maximum divergence just behind anterior border furrow, then strongly anteriorly convergent, running obliquely across anterior border; posterior sections offacial sutures extremely posteriorly divergent, initially running transversely, then deflected obliquely; cranidium with maximum width posteriorly across fixigenae, width 140 percent of length (sag.); anterior border with even convexity, tubelike, lacking prominent sculpture, and slightly shorter (sag.; exsag.) than occipital ring; anterior border furrow moderately deep, describing evenly convex, uninterrupted arc; preglabellar field about 40 percent length of median g1abellar lobe (sag; excluding occipital ring), with very faint median furrow connecting preglabellar and anterior border furrows; preglabellar field with sculpture of fine, densely but evenly spaced, caecal pits; interocular fixigena narrow, set off from palpebral lobe by faint palpebral furrow, lacking obvious sculpture; palpebrallobe inclined obliquely at about 30 degrees, raised above fixigena at base, length (exsag.) similar to LI, protruded laterally nearly as far as maximum divergence of anterior sections of facial suture; glabella elongate, subcylindrical, weakly inflated, lacking obvious sculpture; LI elongate, narrow, broadest posteriorly and tapering strongly forward; S I deeply impressed, deepest anteriorly; L2 defined as small, slightly laterally protruded swelling; S2 small, rounded notch; L3 and S3 obscure; preglabellar furrow evenly convex, convexity stronger than that of anterior border furrow; axial furrows subparallel, with very slight forward convergence, deep; SO not as deep as SI or axial furrow, relatively long (sag.; exsag.); occipital ring long, shortening abaxially, sculpture not known with certainty; posterior border furrow deep and long (exsag.); posterior border evenly convex (exsag.), shorter than anterior border, lacking obvious sculpture.
Rostral plate triangular, broad anteriorly with long connective sutures running posteromedially and meeting medially; ventral convexity similar to that of Iibrigenal doublure.
Hypostome known from only single small and probably immature specimen; subrectangular in shape; width across shoulders 70 percent length (sag.); middle furrow set at 70 percent distance posteriorly from anterior margin; anterior wings lacking strong lateral protrusion; middle furrow and lateral border furrow of similar shallow depth; posterior margin transversely straight; pair of very small spines at posterolateral corners.
Librigena with eye socle of very faint posterior lobe (visible mainly ventrally) and weakly inflated, abaxially protruded anterior lobe; field lacking tuberculate sculpture, with many fine, evenly spaced caecal pits, and discernible, narrow, genal trunk; eye set forward, with midlength about two-thirds distance anteriorly on field; lateral border furrow shallower than moderately impressed posterior border furrow; posterior border furrow deepest near genal spine, shallowing abaxially and continued along posterior section of facial suture to form strong sutural ridge; lateral and posterior border furrows meeting at genal angle to form weak furrow extended distally along dorsal aspect of genal spine; genal spine slightly shorter than remainder of Iibrigena, tapering rapidly from base to sharp point, with even adaxial curvature; lateral and posterior borders of similar narrow width, lacking any obvious sculpture; doublure flattened slightly parallel to plane of field, inner third inclined obliquely to plane of field; doublural part of posterior section of facial suture running abaxially. Thorax of unknown number of segments; axis of anterior segments one-quarter total width of segment, lacking obvious sculpture; axial furrow shallower than, but communicating with, pleural furrow; anterior and posterior pleural bands of similar length (exsag.); pleural furrow shortened (exsag.) distal to fulcrum behind articulating facet; very small articulatory boss present on leading edge of fulcrum; pleural furrow shallowing immediately adaxial to tip of segment; very small, nearly posteriorly directed spine at tip of posterior pleural band; doublure very narrow, with small, slitlike Panderian notch on posterior third, underlying position of constricted pleural furrow and behind dorsal articulating facet. Pygidium with length (excluding articulating half ring) onethird width; five axial rings with transverse terminal piece; pseudoarticulating half rings visible behind at least first and second rings; axial furrow deeper anteriorly, converging slightly posteriorly, meeting posteromedially to fully define axis; ring furrows deep and slotlike near axial furrows, shallowing medially, but well defined even on posterior segments; pleural furrows of segments one to four defined, strong anteriorly and becoming progressively weaker posteriorly; interpleural furrows shallower than pleural furrows, only first three distinctly impressed; pleural and interpleural furrows terminated abaxially by narrow border; pleural area around rear of axis with weak abaxial inßation; doublure narrow and rimlike, of same length medially and laterally.
Onlogeny. -Only a few relatively coarsely preserved early stages of this species have been found, and little can be said about progressive development of features. Of note, however, is that the transitory pygidia agree well with those of Songkania smilhi (cf. Figure 4 .11-4.14 with Figure 7 . 18, 7.22, 7.26, 7.27) in their overall shape and absence of pleural spines. A.? reedi Piibyl, 1947 , from the Caradoc of Scotland (see Morris and Tripp, 1986, PI. 3, fig. 2 , for an illustration ofthe lectotype). With the exception of A. szechuanica (see remarks above), the species together predate all other members of Aulacopleura and differ from them in many details of morphology. The frontal and genal areas are less expanded, the pleural lobes are narrower, and the pygidia are narrower relative to their length. It is certainly conceivable that these species are the forerunners of more typical, younger, Aulacopleura species. It is also possible, however, that they represent a separate, closely related clade. Until more diversity is discovered it will be difficult to assess these options and the species are both referred with question to Aulacopleura herein.
Discussion.-Aulacopleura? ranfordi compares closely with
Elymology. -After Bill Ranford.
Malerial.-Holotype, cephalon with thoracic segments, UA 9409 (Figure 3.1-3.4, 3.6) Diagnosis. -Anterior sections offacial suture with very strong anterior divergence; very fine caecal pits densely distributed over very broad frontal and genal areas; eye socle obscure; genal spine usually of moderate length, not prominently curved, tapering evenly from base to sharp point; thorax of II or 12 segments; thoracic axial spine present on sixth segment of some species; prominent transverse row of tubercles present on occipital ring, thoracic axial rings, and anterior pygidial axial rings; pygidium long relative to width, with six or seven axial rings and prominent, narrow border.
Discussion. -Since its erection, Songkania had not been widely commented upon until Ludvigsen and Tripp (1990) referred material from Greenland and northern Canada to it. The Chinese material (Chang, 1974, PI. 80, figs. 3, 4, PI. 81, fig. 9 ) is hardly an adequate basis for comparison. Nevertheless, it agrees in as much morphological detail as is available with the northern Laurentian species recognized here, and there seems little doubt that Songkania is the correct name for this distinctive group of Llandovery aulacopleurines. SONGKANIA SMITHI n. sp. Figures 4.15, 4 .16,5-7 Diagnosis. -Songkania with very reduced cephalic tuberculation; eye ridges only faintly expressed in holaspid; fixigenal tubercles only visible in smallest meraspides, completely suppressed in holaspid; eye socle almost completely effaced; mature pygidia very long, broad, and of low convexity; large pygidia semicircular in plan view, with seven or eight discernible axial rings; axial furrows effaced posteriorly, terminal piece grading smoothly into postaxial area; border distinct laterally, effaced medially.
Descriplion.-Cranidium strongly convex; anterior sections of facial sutures running in smooth arc from palpebral lobes, without prominent break in course, very strongly anteriorly divergent in front of palpebral lobe, reaching maximum divergence on posterior third of anterior border, then curving to run transversely across anterior aspect of anterior border to small rostral suture; posterior sections of facial suture diverging posteriorly at about 100 degrees to each other, deflected slightly posteriorly distal to fulcrum; anterior border ,relatively long, subequal in length to slightly longer than occipital ring, dorsally convex, lacking obvious sculpture; anterior border furrow deeply incised, usually evenly arcuate, but sometimes with very faint anterior inflection medially; preglabellar field long, about 80 percent length of glabella (sag.; excluding occipital ring), with subdued sculpture of very fine, densely distributed caecal pits; small, low median swelling set just in front of preglabellar furrow; interocular fixigena broad and lacking sculpture; distinct but very shallow palpebral furrow extended anteriorly along facial suture, and posteriorly to form small sutural ridge; eye ridge low and subdued, but usually discernible in large holaspides; palpebral lobe narrow (tr.), inclined somewhat obliquely, and with very small pit set slightly more than half distance transversely from palpebral furrow to rim; posterior part of fixigena with gentle swelling behind eye and opposite LI; preglabellar furrow describing shallow, approximate inverted "V" shape, deepest medially where small pit set, forming relatively sharp angular contact with axial furrows; glabella uninflated, with maximum width across LI subequal to length (sag.; excluding occipital ring); sculpture of very subdued scattered tubercles restricted to posterior third of median lobe and adaxial two-thirds of LI; LI elliptical, with only moderate anterior taper; SI very deep anteriorly, shallower near contact with SO;L2 about one-third size of LI, not protruded laterally; S2 directed posteromedially, running about two-thirds distance medially as SI; L3 a small, round structure where defined, in many cases obscure; S3 where impressed very small and shallow, running short distance posteromedially from junction of axial and preglabellar furrows; SO deepest behind LI, shallow and long medially; posterior border furrow relatively shallow; posterior border short adaxially, becoming progressively longer abaxially, lacking sculpture; very small fossula set ventrally on abaxial aspect of axial furrow immediately opposite distal end of S3.
Rostral plate unknown. Hypostome with width across shoulder 65 percent of length (sag.); middle furrow set at 70 percent distance posteriorly from anterior margin; anterior border flared slightly ventrally; anterior wing small, protruding laterally past shoulder; lateral margins moderately posteriorly convergent behind anterior wings, strongly outturned to form angular shoulder, then strongly posteriorly convergent behind shoulder; pair of small spines set at posterolateral corners in small specimens, suppressed to form rounded corners in larger specimens; posterior margin with very gentle posterior convexity; lateral border with one or two terraee lines running subparallel to margin; doublure narrow, developed beneath shoulder and posteriorly, absent from anterior portion. Librigena with wide (tr.) field, sculpture of dense but subdued caecal pits similar to that of frontal area; eye socle obscure; posterior border furrow deeper than lateral border furrow; lateral border furrow shallowing posteriorly immediately in front of genal angle, but uniting with posterior border furrow to form faint furrow running along dorsal aspect of genal spine for most of its length; posterior border and lateral borders of similar width, posterior border lacking sculpture, but lateral border with several fine, closely spaced terrace lines running parallel to margin and occupying distal two-~hirds of border in external view; terrace lines extended posteriorly onto at least anterior part of genal spine; genal spine slightly more than half length of doublure, only slightly curved, and tapering evenly to sharp point; doublure broader anteriorly than posteriorly, with many fine, closely spaced terrace lines running parallel to margins.
Thorax of at least 10 segments, likely more; slender axial spine present on either fifth or more likely sixth segment, running posteriorly to halfIength of pygidium; individual segments with axis bearing transverse row of six prominent tubercles, along with several scattered smaller tubercles; axis occupying 27 percent of thoracic width, both anteriorly and posteriorly; entire thorax broadening posteriorly from first segment, reaching maximum width at about sixth segment, then tapering to pygidium; anterior width of pygidium about 70 percent maximum width of thorax; axial furrow deep; pleural furrow running from axial furrow almost to tip of segment, deepest at fulcrum; posterior band longer (exsag.) than anterior band; prominent articulatory boss on leading edge of fulcrum; posterior band with several small tubercles on distal extremity; ventrally, posterior edge of posterior pleural band proximal to fulcrum forming grooved posterior recess bounded anteriorly by transverse ridge, for tongue-and-groovelike articulation with leading edge of anterior pleural band; doublure developed distal to fulcrum to form narrow, flat articulatory facet; doublure beneath pleural tip forming moderately wide Panderian notch.
Pygidium of large holaspides with length (sag.; excluding articulating half ring) half maximum width; axis narrow, 25 percent width ofpygidium anteriorly, with seven axial rings, sometimes very faint eighth; pseudoarticulating half ring prominent behind first two rings, variably defined but usually becoming obscure posteriorly; transverse tubercle row on axial ring well defined on first four rings, obscure on fifth and entirely effaced posteriorly; ring furrows deep and slotlike abaxially, near axial furrows, very shallow medially; axial furrows shallow, converging posteriorly, almost totally effaced posteromedially so that axis grades into posteromedian area; first pleural furrow slightly deeper than interpleural furrow, pleural and interpleural furrows of remainder of segments of similar, shallow depth; anterior and posterior pleural bands of similar length; pleural and interpleural furrows becoming progressively effaced posteriorly, but sometimes defined as far as seventh segment; pleural field forming plane proximally and slightly distal to fulcrum, then curved to almost vertical inclination around margin; pleural and interpleural furrows terminated at narrow but strongly defined border; doublure extremely narrow, of same width adaxially and abaxially.
Onlogeny. -Specimens of the first calcified instar are represented (Figure 7.20, 7.23, 7.24) , and a nearly complete ontogenetic sequence has been reconstructed. Preservation, however, is not perfect, with the ventral surface in many cases better preserved than the dorsal. What is presumably the last protaspid stage has been identified (Figure 7.4, 7.11, 7.12, 7.19 ), but intermediate stages have not been found and the number of stages is not known. Changes through ontogeny of the cranidium include: migration laterally of the anterior and posterior extremities of the facial suture; suppression of very low border spines; progressive inflation of LI, which is indistinguishable in early meraspid degrees; lateral inflation of the median g1abellar lobe, which is nearly cylindrical in early ontogeny; expansion laterally of the palpebral lobes; deepening of the posterior and anterior border furrows; and relative lengthening of the preglabellar field. Changes in the Iibrigena include: a relative lengthening of the genal spine; suppression of small lateral border tubercles; increase in the relative width of the field; and multiplication of the number of terrace ridges on the doublure together with their development dorsolaterally on the lateral border. Transitory pygidia grow progressively wider relative to their length; the lateral parts become ventrally inclined as the fulcrum develops; pleural and interpleural furrows become progressively more distinct; the posteromedian margin of early degrees is indented anteriorly, and this is gradually lost; and the doublure becomes relatively narrower.
Discussion. -Songkania smilhi is most similar to S. socia/is (Poulsen, 1934) , type and additional material of which was illustrated by Ludvigsen and Tripp (1990) . A corresponding sister species relationship exists between other trilobites occurring with S. smithi in the Mackenzie Mountains and S. socia/is at Prongs Creek, northern Yukon Territory. The encrinurines Cromus canorus Edgecombe and Chatterton, 1992, and C. princeps (Poulsen, 1934) are each other's nearest relative, as are the odontopleurines Sinespinaspis maccallai (Chatterton and Perry, 1983) and S. semiglabra (Poulsen, 1934) . Ludvigsen and Tripp' (1990) considered matenal of Songkania socia/is from Prongs Creek to be dimorphic. The only express difference noted between the morphs was the presence of a thoracic axial spine in one and its absence in the other. Based on the published illustrations, however, the spineless "morph" (Ludvigsen and Tripp, 1990, PI. 8, fig.5 ) would appear to differ from the spined "morph" (Ludvigsen and Tripp, 1990, PI. 8, figs. 6-8 Ludvigsen and Tripp's reconstruction (1990, text-fig . 5B) conflates elements of both "morphs," as it depicts a 12-spined individual lacking a thoracic axial spine. It seems possible that the spineless "morph" in fact represents a second species living in sympatry with S. socialis, as sclerites belonging unequivocally to the spined "morph" agree in morphological detail with the mainly exfoliated Greenland type material (Ludvigsen and Tripp, 1990, PI. 13, figs. 3-6) . The number of thoracic segments present in Songkania smithi is difficult to determine, as the only articulated specimen found is a molt ensemble (Figure 5 .1). The trilobite apparently freed itself from the cephalon, then crawled forward from beneath it, freeing itselffrom the thoracopygidium by bracing the anterior thoracic segments against the rear of the now loosened cranidium. This resulted in the stacking of the anterior thoracic segments behind and beneath the cephalon. As a result, the number of thoracic segments anterior to that bearing the axial spine is not known with certainty. Four are visible, including that which articulated with the cranidium and that directly anterior to the spine-bearing segment. A fifth could easily be obscured in the insoluble matrix beneath the cranidium. If so, the spine-bearing segment would be the sixth, as in S. socialis, and as is the norm in most other spine-bearing aulacopleurids. Only five segments are visible posterior to the spine-bearing segment, and these have remained in articulation. The pygidium is not articulated with the last of these segments, having slipped beneath it, and there is the possibility that the posteriormost segment is also obscured in this fashion. If that were the case, S. smithi would likely share a thoracic segment count of 12 with both S. socialis and S. hanjiadianensis. The last segment visible, however, does seem to match closely the anterior width of the pygidium, and it is difficult to see, given the taper of the thorax, how another could be accommodated. In summation, S. smilhi has at least 10, but most likely II or 12, thoracic segments.
Songkania smithi differs from S. socialis (spined "morph") in the following respects: g1abellar tuberculation much less prominent; paired fixigenal tubercles entirely suppressed, versus robust in large holaspides of S. socialis (Ludvigsen and Tripp, 1990, PI. 8, figs. 1-3) ; eye ridge faint in holaspides, versus prominent; posterior branches of facial sutures more widely divergent, with concomitantly greater area of posterior aspect of fixigenae, and reduced extent of posterior cephalic border on Iibrigenae (compare Figure 6. 1,6.4, 6.7,6 .8 with Ludvigsen and Tripp, 1990, PI. 8, figs. 2, 9, 12) ; thoracic pleurae lateral to fulcrum about same width as, or even wider than, pleurae medial to fulcrum, versus consistently narrower in S. socialis; and pygidium much longer relative to width in specimens of comparable large size (compare Figure 6 .12, 6.17 with Ludvigsen and Tripp, 1990, PI. 8, fig. I ). Large pygidia of S. socialis resemble much smaller pygidia of S. smithi (e.g., Figure 6 .16).
It is not possible to conduct a detailed comparison with either of the Chinese species, based on the published illustrations.
Elymology. -After Geoff Smith. Figure I ). The type section for the formation was described as the rocks exposed in an asymmetrical syncline east of Cärdenas railroad station (Myers, 1968) . Here the Cärdenas Formation overlies the Tamasopo Limestone along a fault contact, and is unconformably overlain by the lower Tertiary red beds of the Tabaco Formation.
Cardenas deposits extend northward from the type area, and the material described herein was collected by R. M. Feldmann, F. Sour-Tovar, and F. Vega at three different localities, near Ciudad del Maiz (Figure I ), along Federal Highway #80, which leads to the port city of Tampico. A more detailed description of the localities is given below. The fossil crabs were collected in rocks ranging from claystone to shales and sandy mudstones, which also contain an abundant fauna of gastropods, bivalves, and echinoderms. Most gastropod and bivalve species may be assigned to the Exogyra coslala biozone. In fact, this gryphaeid
